Objective: To evaluate the association between socioeconomic factors and suicide rates. Methods: Analysis of time series of suicide rates, gross domestic product, unemployment rates, labor force participation, and divorce rates of 18 countries are analyzed by the application of panel-vector error correction models. Main outcome measures are the association between the socioeconomic factors and suicide rates. Results: Decreasing economic growth and increasing divorce rates are significantly associated with increasing suicide rates in men. For women, increasing economic growth, increasing unemployment, and increasing divorce rates are significantly associated with increasing suicides. Increasing female labor force participation is associated with decreasing suicides. Conclusions: Socioeconomic factors are associated with suicide rates. However, this relationship differs by sex. The current results provide a strong argument that suicide prevention strategies must include the monitoring of socioeconomic development.
1
During the last few decades, a wide range of risk factors have been considered such as mental illness and psychiatric disorders, trauma from losses, substance abuse, and genetic disposition. [2] [3] [4] [5] The effect of social economic factors on the incidence of suicide has been a subject of scientific focus because Durkheim proposed that poverty may have a protective impact on suicide rates. 6 Since then, extensive research on the association between socioeconomic variables and suicide incidence has been carried out. However, findings about the possible relationship remain very controversial and are subject to methodological criticism. [7] [8] [9] [10] [11] There are several studies, which investigate the association between suicide rates and gross domestic product (GDP), which is the most important variable for characterizing the economic development of a country. Gross domestic product measures the amount of goods and services produced by a country's economy within a certain time span, usually 1 year, in monetary terms. On the basis of Latvian data from 1980 to 1998 data, rising suicide rates in Latvia were paralleled by declining GDP and increasing unemployment until 1993. 12 This association disappeared between 1993 and 1998. A German study (1981 to 1989) found that increasing suicide rates correlated with increasing unemployment and decreasing real income. 13 A Finnish study also found a negative association between GDP and suicide from 1985 to 1995. 14 period between 1968 and 2002 confirmed the hypothesis that several macroeconomic variables such as GDP and unemployment were significantly associated with suicide incidence. 15 However, the patterns and direction of the relationships remained ambiguous, especially regarding sex and age.
An analysis among 35 countries showed no association between GDP per capita and suicides. 16 A panel data analysis including 15 European countries suggested a significant association between economic growth and suicide rates in both sexes. 17 Gross domestic product per capita had no significant impact on suicide. In a study on the United States and Taiwan for the period 1952 and 1984, a significant association between unemployment, GDP per capita and suicide rates was found for the United States only. 18 The earlier-mentioned studies are afflicted by serious methodological limitations. Most of them are based on a very small sample size and cover only one specific country, which makes generalizability difficult. Furthermore, the statistical approaches are deficient. Most investigations of time series rely on a regression analysis of suicide incidence or of the corresponding growth rates/first differences (ie. log x t − log x t −1 or x t − x t −1 ). [12] [13] [14] [15] [16] [17] The former methodology would only be justified if the data were stationary or cointegrated, whereas the latter approach is sound if levels are nonstationary and growth rates are stationary when there is no cointegration relationship. Nonstationary time series (more precisely: time series with stationary first differences) are cointegrated if some linear combination of these time series is stationary. Parameter estimates could be biased if the model assumptions are violated. Hence, in the case of nonstationary data, tests based on cointegration are unavoidable.
In addition to these econometric shortcomings, there are some other problems. Sometimes it is even unclear whether real or nominal GDP has been used. To account for actual purchasing power and to adjust for different levels of inflation-if several countries are studied-real GDP per capita should be used. 12, 15 Most of the existing studies on the impact of the economy on suicide focused on unemployment. Swedish and Finnish case control studies in particular consistently reported increased suicide risks from unemployment. [19] [20] [21] [22] [23] Two epidemiological studies using data from large samples of countries also showed a positive association between unemployment and suicide rates. 16, 24 However, another recent investigation among the Swedish population indicated-by applying a longitudinal study design-that the increased risk of suicide among unemployed people is not directly caused by unemployment itself. 25 The elevated suicide risk seems to be mainly because of an a priori higher likelihood to become unemployed for people with an increased suicide risk (eg, mental illness). 26 The previously mentioned studies by Andres 17 revealed no significant association between unemployment and suicide rates.
There are several studies on the association between divorce and suicide incidence. A study in Taiwan found an increased suicide risk for divorced people. 27 The same result was reported for Italy, England, Wales, Northern Ireland, and the United States. [28] [29] [30] [31] An earlier study in Japan, however, showed no effect of divorce on suicide rates. current article, we overcome these methodological problems. Our analysis is based on a large sample of 18 countries (17 European industrialized countries and the United States) for the period between 1983 and 2007. We investigate the impact of economic growthmeasured by real GDP per capita-together with the unemployment rate, labor force participation and divorce rates on suicide rates by estimating panel-vector error correction models. [33] [34] [35] We focus on a homogenous sample of industrialized European countries, which are at least approximately comparable with regard to their political and economic backgrounds. Hence, European countries of the former Eastern bloc with communist backgrounds (and therefore a very different economic and political background) are excluded. An exception is made for the population of the former German Democratic Republic, which we included in our analysis after German reunification. Additionally, we decided to include the United States, because it is the most important national economy in the world.
METHODS

Study Population
In our analysis of time series, we used suicides per million inhabitants, real GDP per capita and the unemployment rate measured as the number of unemployed people as a percentage of the workforce.
Data from the following 18 countries were included: Austria, Belgium, Denmark, France, Finland, Germany (including the population of the former German Democratic Republic after 1989), Greece, Ireland, Italy, Luxembourg, the Netherlands, Norway, Portugal, Spain, Sweden, Switzerland, the United Kingdom and the United States.
Population data and divorce rates for the European countries were obtained from Eurostat. 36 Suicide data for the European countries except Sweden were obtained from World Health Organization International. 37 The Swedish suicide data was obtained from the Karolinska Institute. 38 The unemployment rates for the European countries except Austria and Switzerland were obtained from Eurostat. 36 The reported Austrian unemployment rate was obtained from Statistics Austria. 39 The Swiss unemployment rate was obtained from the OECD. 40 The labor force ratio and GDP per capita at constant prices (basis year 2000) for all countries were obtained from the OECD. 40 Population data, unemployment rates, suicide data and divorce rates for the United States were obtained from the US Census Bureau. 41 All data were obtained for the period between 1983 and 2007 except for Germany, where data were restricted to the period 1990 to 2007.
Statistical Analysis
Because we analyzed data from several countries, crosssectional as well as time-series information could be used. To use cross-sectional and time series information within one model, more advanced statistical techniques were necessary. For this purpose, panel cointegration models were applied to allow for a joint treatment of time series and cross-sectional data, with the advantage that the results were supported by many more data points.
Analysis of the time series of suicide incidence, GDP per capita, unemployment rates, labor force ratio, and divorce rates showed that these time series are not stationary, whereas first differences are stationary; that is, these variables are integrated of order one. Therefore, a regression of suicide incidence levels could result in biased estimates. 42 A regression on levels of integrated data makes sense if a linear combination is stationary. Such an association is called a cointegration relationship. Often a cointegration relationship is called a long-run relationship. When performing Pedroni-type tests on panel cointegration, a cointegration relationship was detected. 33, 43 We estimated the cointegration equation (SUIC . by means of dynamic ordinary least squares (DOLS), as suggested in Wagner and Hlouskova. 44 Note that β gdp,female , β unem,female , β lfr,female and β div,female do not depend on the country index i, which implies that we have assumed that GDP, unemployment, labor force ratio, and divorce rate affect female suicide incidence in the same way in every country. The constant c i,female is country specific, as well as the time trend coefficient β i,female . The time trend was included to avoid spurious results. The same methodology was applied to the male population and to the aggregated population of both men and women. However, for the male population we excluded the labor force ratio, as these time series were almost flat for all countries except Luxembourg.
To cope with the short run effects, we ultimately constructed an error correction model. By assuming that suicide incidence does not affect the other variables in the model, such a model can be reduced to a (fixed effects) panel regression model:
Here, x t,i = x t,i − x t−1,i are the first differences. The coefficient γ 1 is called error correction term and measures the impact of the GAP (the deviation from the cointegration equation) on actual first difference of suicide incidences. Models like this were estimated for the woman, for the man, and the aggregated population. In all fixed effects regressions, White robust standard errors were used to calculate confidence intervals.
RESULTS
Long-Run Relationships
Pedroni tests clearly supported a model with one cointegration relationship each for the male and the female population. On the basis of the approach of Wagner and Hlouskova, we applied DOLS to estimate a model with common effects for GDP, the unemployment rate, the labor force ratio, the divorce rate, country specific constants, and country specific time trends. 44 This setting is preferred to a model with common (homogeneous) effects only or separate (heterogeneous) effects for all of these variables.
For the male population, our analysis showed that GDP is significantly associated with suicides (coefficient = −5.68, P < 0.01): In the long run, increasing GDP is associated with decreasing suicide rates. An increase in GDP per capita of EUR 1000 decreased male suicides by 5.68 per million over the long term. Rising divorce rates, on the contrary, resulted in significantly higher suicide rates (coefficient = 8.02, P = 0.02). Unemployment exhibited no significant association with male suicide rates (coefficient = −0.88, P = 0.19).
For the female population, a higher GDP, higher unemployment, a lower labor force ratio and a higher divorce rate were significantly (P < 0.01) associated with higher suicide rates. The parameter estimates were 3.22, 0.52, 93.00, and 12.49, respectively.
Analyzing male and female data together, there was no significant association between GDP and suicides (coefficient = 0.48, P = 0.37) or unemployment and suicides (coefficient = 0.16, P = 0.44). However, higher divorce rates (coefficient = 19.07, P < 0.01) resulted in increased suicide rates. On the contrary, an increased labor force ratio (coefficient = −64.11, P = 0.04) was associated with decreased suicide rates. These results are summarized in Table 1 .
Short-Run Relationships and Prediction
We estimated fixed effects panel regression models of the error correction type detailed in Statistical Methods for the man, the woman, and the total population. The variable GAP is the actual deviation from the cointegration equation; in the current case the cointegration equation can be considered as the long-run equilibrium relationship between suicides, unemployment, GDP, labor force ratio, and divorce rates. Table 2 presents the estimates for the parameters γ 0 to γ 6 . P values based on White standard errors are presented in parenthesis. The last row of Table 2 presents the coefficient of determination R 2 . We estimated the fixed effects model with and without the GAP variables (estimates with and without the coefficient γ 1 ), for the total, the male and the female population. In regression models without the variable GAP, significant coefficients for LFR t and GDP t are observed for the male population. Throughout the analysis a significance level of 5% is applied. However, comparing these results to models with GAP included, a higher proportion of variance is accounted for in models including GAP. In this case, the first differences of the labor force ratio were not associated with the change in suicide rates (see estimates γ 4 and P values in Table 2 ). Therefore, only a change in GDP was linked to a change in the suicides rates, SUIC ti , as the coefficient γ 3 is significant. For female populations, no direct effects of the predictors could be observed (the estimates γ 2 to γ 5 are not significant in Table 2 ). However, for the forecasts we have to consider both the long-term effect as well as the impact of GAP. Because of the existence of a significant γ 1 for the GAP and a significant β gdp,female , the impact of a change in GDP of one unit caused a change in suicides by γ 1 β gdp,female . Comparably, the indirect effects via the variable GAP were significant for unemployment, the labor force ratio and the divorce rates. We conclude that a direct association between suicides and GDP can be observed in male populations only. For female populations, GDP and the three other variables studied are indirectly associated with suicide rates.
On the basis of the cointegration and panel regression model, the impact of a change in GDP on suicide rates can be estimated: For the male population, an increase of GDP per capita of EUR 1000 changes the variable GDP in the cointegration equation by 1 (GDP per capita was measured in 1000 EUR). This has an impact of −5.68 on the variable GAP. The coefficient γ 1 = 0.56 estimates the actual impact of the variable GAP on the change in suicide rates SUIC ti,male ; this results in an indirect effect of 0.56 * −5.68 = −3.18, a direct effect of γ 3 ( GDP) = −0.01, and a total effect of −3.18 + (−0.01) = −3.19. In other words, we conclude that an increase in GDP per capita of EUR 1000 decreases suicides per million inhabitants by 3.19 in the male population within the next year. For the female population, we estimate an indirect effect of 0.65 × 3.22 = 2.09; that is, an increase in GDP per capita of EUR 1000 increases female suicides by 2.09 within the next year.
DISCUSSION
Possibly because of methodological shortcomings, the existing studies about the association between economic variables and suicide rates have been inconsistent. Unlike previous investigations, our approach included a large sample of industrialized countries, which we analyzed by estimating panel-vector error correction models.
For the male population, we were able to demonstrate that decreasing economic growth was associated with increasing suicide rates. By contrast, unemployment was not associated with suicides. Furthermore, increasing divorce rates were linked to increasing suicides.
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For the female population, we found that increasing GDP was associated with increasing suicides. Increasing unemployment and increasing divorce rates were linked with increasing suicides. Increasing labor force participation was associated with decreasing suicides in women.
There are two ways to explain how GDP exerts an influence on suicide rates in men. First, it should be mentioned that decreasing GDP on a macro level is always accompanied by decreasing average income per capita and average wealth status on an individual level. This may lead to a reduction of opportunities and chances in life, as well as to an elevation of the financial burden on an individual, all of which increase the likelihood of other stressful life events. Together with the fact that social status is closely linked to material prosperity, these factors may contribute to higher suicide rates. Men do suffer from economic difficulties because they tend to attribute a loss of wealth and social status to personal failure rather than to their socioeconomic environment. Moreover, economic success is strongly linked to the traditional masculine role. A lack of economic success may thus have an adverse effect on masculine identity, which may result in helplessness and depression. As a consequence, the risk of self-destructive behavior and suicide may increase. 45, 46 Secondly, macroeconomic development may be associated with suicide rates by influencing the socioeconomic environment of the individual. In economic literature, a strong and positive relationship between health care spending and GDP has been established. 47, 48 Since decreasing GDP leads to declining tax and health insurance revenues, expenditure on health care is likely to be cut during recessions. In turn, increasing health care spending facilitates the population's access to mental health care and improves the quality and efficiency of health care institutions. 48 Increasing suicide rates can thus also be the consequence of deteriorating health care conditions during economic downturns. 31 That unemployment is not significantly associated with suicide rates for men is in conflict with a large body of evidence pointing to an elevated suicide risk among unemployed people. [19] [20] [21] [22] [23] And it raises the question as to why GDP affects suicides in men whereas unemployment does not. Indeed, there are some considerations, which might help us to obtain deeper insights into this crucial point. It has to be stressed that, from an economic point of view, increasing unemployment does not usually lead to a reduction of social support for unemployed people. This holds for highly developed countries such as those included in our sample. 49 Governments do in fact make great efforts to absorb rising unemployment rates by increasing public spending on labor market policies (eg, unemployment benefits, active labor market programmes). With regard to the political and economic stability of a country, reducing unemployment is a major target of politics in western democracies during economic downturns. Hence, unemployment per se and in particular shortterm fluctuations in unemployment rates might not strongly affect individual aspirations in men.
Our results, which we obtained on a macro level, concur with a recent Swedish study, which applied a longitudinal design on an individual level. In this study, it was shown that the increased suicide risk often found among unemployed men is not necessarily caused by unemployment itself. People with a preexisting increased suicide risk (eg, mental illness) are more likely to become unemployed. 25, 26 Taking these findings seriously, the combination with our results at the macro level suggests that unemployment is not an independent risk factor for men.
The fact that rising GDP is associated with rising suicide rates among women is very surprising (particularly given that among men, rising GDP was linked to falling suicide rates). We interpret this result as showing that men are the main beneficiaries of the growth of both personal income and social and health care expenditure, which accompanies increases in GDP. We may further speculate that increasing economic growth intensifies pressure on women to give up traditional sex roles, which in turn has an effect on female suicide rates. The finding that rising unemployment is associated with increasing suicide rates among women is interesting in that we were unable to find such a correlation among men. One explanation could be that labor market policy measures aimed at reducing unemployment, such as training courses or job application training, are primarily directed toward men. This focus on male unemployment is plausible in that the absolute proportion of women among the unemployed has always been considerably lower than that of men. Our findings that increasing labor force participation is associated with decreasing female suicides reveal the protective value for women of economic independence and having their own income. The fact that increasing divorce rates are linked with increasing suicides in men as well as in women can be interpreted as showing that stable social relationships provide protection against suicide.
The current investigation has some limitations. Because we analyzed aggregate data at the country level, inference to individual suicide risk is not straightforward. It must be emphasized that, as in all ecological study designs, individual risk factors, and contextual conditions cannot be separated. 50, 51 Furthermore, we only studied developed countries. For transition economies, third world countries, or countries that have recently undergone drastic political and economic changes, no inferences can be made. Here, we would expect different interdependences of suicide rates and economic variables. In addition, the statistical setting applied in this article assumes the same coefficients in all states. It might be of interest whether suicides react differently to economic upturns and downturns. As a further limitation it has to be mentioned that age or age-based variables have not been included as an explanatory variable. Both issues have to be clarified in future research.
The strength of our study clearly lies in its econometric methodology: cross-sectional and time series information are used within one model by applying panel cointegration. The large and homogenous sample size of 18 countries and the long-time period from 1983 to 2007 are further advantages.
In summary, our study provides clear evidence that socioeconomic factors are associated with suicide rates. However, this relationship differs strongly by sex. As a consequence, we recommend that suicide risk assessment should include the monitoring of socioeconomic development.
